In addition to the self-governing properties, tiny-sized particles of metallic colloids are the building blocks of large-sized particles. This topic has been the subject of many studies. The development of a tiny-sized particle on the solution surface depends on the attained dynamics of atoms. When nano energy is supplied to the transitional atoms of monolayer assembly, it binds them nearly in its own shape. In such tiny particles, atoms of arrays can elongate uniformly to form structures of smooth elements under the forced exertion. Impinging electron streams at a fixed angle through gained forcing energy of carrying photons can result in elongating further the already elongated atoms of arrays. Travelling photons along the air-solution interface can further shape arrays of elongated atoms through their forced energy. Inside the solution or near the interface, gold atoms also develop tiny particles of different features, where in addition to their attained dynamics, miscellaneous factors also contribute. In the formation process of third type of tiny particle, amalgamated atoms can bind through the execution of confined inter-state electron dynamics. All three processes of binding atoms can take place in a single tiny particle, where atoms in groups obey different mechanism of binding. This study highlights the fundamental process of formation of different tiny particles, where electronic structure, phase transition and localized dynamics of gold atoms appear to exert their influence. Such a tool for processing materials opens several possibilities to develop engineered materials of specific properties.
Introduction
To process matter at nanoscale, new approaches are required, and tiny-sized particles of metallic colloids have the potential of revolutionizing the technology in different fields of applied sciences and nanoscience. Development process of tinysized particles is a long and constantly observed phenomenon [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The nanosized gold particles and clusters behave like simple chemical compounds and may find a wide range of applications in catalysis, sensors and molecular electronics [1] . The discrete nature and stability of nanocrystals suggest methods and resources to design and fabricate advanced materials having controllable characteristics [2] .
Nanosized metallic particles collectively oscillate while trapping energetic electrons [3] . The development of electronic devices at nanoscale is an ultimate long-term goal of the nanoparticle technology [5] . On successful assembling of colloidal matter into useful structures, the atoms and molecules will become materials of tomorrow [8] .
The understanding of the dynamics in individual nanoparticles is vital prior to the assembling of colloidal matter [9] . Precise control over the surface properties of nanoparticles will direct assembling into high order structures [11] . Smaller clusters have molecular-like electronic structures and non-fcc geometric structures [12] . Chemical properties of gold nanoparticles change with size [13] .
Many studies are available in the literature, where developing tiny-sized particles of metallic colloids involved plasma-solution based processes [14] [15] [16] [17] . From another perspective, the ability to structure matter in the region of sub-optical wavelength can deliver unusual optical properties [18, 19] and catalytic activity of metallic nanostructures is enhanced significantly in controlling phase transition [20, 21] .
Visualizing and observing an atom in high resolution microscopy provides an advantage in understanding functionalities of nanomaterials as the atom itself reveals charge dynamics on the surfaces as well as across the boundaries [22, 23] .
High resolution microscopy has been used as a great advantageous tool as it is evident from the number of published studies on tiny-sized clusters, tiny-sized particles, tiny-sized grains, molecular-like structures and nanocrystals, where atomic resolution is within appreciable range.
The present work is an attempt to discuss the developmental process of gold tiny-sized particles, where they do not deal with the geometry of equilateral triangle.
Under the certain ratios of pulse OFF to ON time, many tiny-sized particles developed in the shape of an equilateral triangle [24] [25] [26] [27] [28] . However, structures of different sizes also evolve when their atoms execute confined inter-state electron dynamics [29] .
We discuss and present here only those tiny particles of gold, where localized (or attained) dynamics of atoms do not translate the geometry of equilateral triangle. At solution surface or inside solution, localized process conditions do not favor amalgamated atoms to develop tiny particles of triangular shape, which is the topic of study in the present case. Discussion presented here extracted from the physical observation of high resolution images of gold tiny particles as they do not possess their shapes of equilateral triangle. The core idea of this study is to present the fundamental process of developing such tiny-sized particles, where the electronic structure, phase transition and localized dynamics of atoms influence their formation (or development). More specifically, a process of formation of three different types of tiny particles is identified here. The method of developing these tiny-sized particles is called pulse-based electron-photon/solution interface process.
Results and discussion
Tiny-sized particles developed in different shapes as per attained dynamics of atoms and their binding mechanism. Images of different tiny-sized particles are shown in Figure 1 (a-c). These images were captured from the specimen of processed solution through the application of high-resolution transmission microscope (HR-TM). In some portions of tiny-sized particles, amalgamations of atoms were in regular order, where atoms adhered side to side. In some regions of tiny-sized particles, amalgamations of atoms were in non-uniform manner, where they did not adhere side to side. Some atoms of the tiny-sized particle elongated by orientationally-based stretching of energy knots clamped electrons. In some regions of tiny-sized particles, atoms deformed by non-orientationally-based stretching of energy knots clamped electrons. In Figure 1 (d) , atoms of tiny-sized particle show different signatures of stresses. In the portion where atoms did not amalgamate sideto-side, they also did not show elongation. The electronic structures of gold atoms do not convert for their structures of smooth elements as labelled by the covered area under rectangular box shown in Figure 1 (d) . In the portion of tiny-sized particle, where amalgamation of atoms is not uniform, atoms do not show uniform elongation behavior. Here, the exerting forces to their electrons were also not in the uniform manner. Atoms in that tiny-sized particle were not aligned in regular order. In Figure  1 (d), atoms of a large portion of tiny-sized particle amalgamated under uniformly attained dynamics. So, many arrays of atoms converted into structures of smooth elements. Here, in each atom, the exertion of force to electrons along the opposite poles nearly remained uniform. However, prior to non-uniform and uniform forced exertions to electrons of atoms forming different sections of a tiny-sized particle, atoms bound under the supply of packet of nano energy. That packet of nano energy was supplied through set bipolar pulse (ON/OFF time: 10 µsec). In Figure 1 (e), amalgamated atoms for tiny-sized particle possess nearly the same trend of electronic structures throughout. This way, their electrons did not change orientation.
Thus, attained phase of all atoms in that tiny particle is identical. On electronically flat solution surface, a packet of nano energy bound transitional atoms into tiny-sized particle of own shape [28] ; exertion of force along the opposite poles of electrons was in surface format. As a result, arrays of atoms converted into structures of smooth elements as shown in Figure 1 Elongated atoms of arrays are now structures of smooth elements. They can further shape under the forcing energy of travelling photons along the air-solution interface [28] . In Figure 1 (e), they look like the shape of more straightened threads in tinysized particle. A detailed study presented elsewhere [28] discussed the developing mechanism of tiny-shaped particles along with the conversion of atoms of arrays into structures of smooth elements.
However, structure evolution of gold atoms under natural sort of way follows a different mechanism of their binding, where conservative forces are involved to execute their confined inter-state electron dynamics engaging the conserved binding energy as well [29] . In case of single atom embedded in a mono layer tiny-sized particle, it undergoes to elongate further while impinging forced energy electrons of fixed angle [30] ; atoms of none of the elements ionize and electric current is originally related to a photonic current. [30] . The origin of atoms in some elements to be in gas state and in some elements to be in solid state is discussed elsewhere [31] .
Overall, atoms of tiny-sized particles indicate non-uniformity in terms of orientationally-based stretching of energy knots clamping electrons. Atoms of tinysized particles were not in their order. More specifically, in all three tiny-sized particles, the elongated behavior of atoms remained non-orientational, where amalgamation of atoms remained under their largely varied attained dynamics. As shown in Figure 2 (a), stretching of energy knots clamped electrons in atoms of a tiny-sized particle is at different rate, so electronic structure of atoms did not qualify to experience a uniform force along the opposite poles of electrons. Exerting forces to transitional electrons did not convert their atoms into perfect structures of smooth elements. This way, atoms in such electronic structures show different phases in tiny-sized particles. These atoms are not even influenced by travelling photons of adequate forcing energy to shape the structure. However, in Figure 2 (b), atoms belonging to some portion of tiny-sized particle elongated by the exertion of uniform force to their electrons. The tiny-sized particle in Figure 2 (c) is in an ellipse shape. In By increasing the precursor concentration from 0.30 mM to 0.40 mM, an increase in the average size of a tiny particle is observed as shown in HR-TM images of Figure 3 (a)-(c). In Figure 3 (a), only those atoms of tiny-sized particle elongated which undertook orientationally-based stretching of energy knots clamping electrons.
In Figure 3 (b), two different portions of tiny-sized particle deal with force in different manner as indicated by the arrows. In Figure 3 (c) , some of the atoms elongate and some do not, so validating the phase transition under different electronic structures of atoms within a tiny-sized particle. The smaller size of tiny particle in Figure 3 (d) was due to amalgamation of atoms at a later stage of the process; atoms of half tinysized particle elongated to develop structure of smooth elements. This clearly validates that only those atoms elongated where they dealt with orientationally-based stretching of energy knots to electrons. In the processing of colloidal solutions through pulse-based electron-photon/ solution interface process, gold atoms dissociated from the precursor developed different tiny-sized particles. Here, heat energy (supplied by photons propagated via graphite rod) and reaction of entering force of high energy photons along with transported forced energy by electron streams dissociated atoms from the precursor and uplifted them to solution surface, respectively [33] . The same scenario should be considered for atoms of other suitable transition metals to understand the fundamental process of developing different tiny-sized particles inside the solution and on the surface of solution.
In addition to gold atoms of tiny-sized particles in metallic colloids, it has been observed that carbon atoms amalgamated under attained dynamics followed by binding as per execution of electron dynamics, where they originated different morphology and structure of thick and thin films [34] [35] [36] . Again, our work is partially not in agreement to Van der Waals' forces [37, 38] as the gold atoms bind under the protocol of nano energy also [28] or under the execution of electron dynamics also [29] . Tiny-sized particles evolve structures in the original format instead of developing structures if localized dynamics of atoms favor execution of the electron dynamics [29] . This implies that the role that Van der Waals' forces play in the atomic interactions does not fully exist, but it does partially exist when we talk about the force only. However, binding of atoms solicits both force and energy. Several investigations now discuss the basic idea of binding atoms in different clauses of elements [28, 29, 39] . Thus, different known forces under Van der Waals' interactions like Keesom force, Debye force and London dispersion force are only limited to force behavior explaining the binding mechanisms of atoms in different sorts of elements. Certainly, an element of force contributes in binding atoms, but that only contributes partially. Again, differentiation of forces in their different applications was also not identified. Nevertheless, authors greatly commend the investigations as they played vital roles in the accomplishment of many studies at a difficult juncture of materials research. These studies also helped first author to reach at this stage of work.
Our results also suggest that light and matter interaction does not result in collective oscillation of any size of tiny particles, which is related to surface plasmons phenomenon. According to this phenomenon, the light (and photons) travels along the air-matter (or air-solution) interface. Travelling photons of certain features neither trap nor couple to matter but may align to disturbed filled state electrons of atoms [28] . Some detail regarding how Van der Waals' interactions and surface plasmons limitedly fit in the recent advances of physics and materials' research is given elsewhere [27] . Some recent studies target the emergence of hexagonal close packed structure [12] and geometry [12, 40] . In colloidal matter, ongoing research efforts not only consider the structure to explain entropy and geometry, but dynamics also [41] . Therefore, phase transition does not infer that electronic structure of an atom is altered under the transferring of filled state electron to nearby unfilled state as for the case of different state carbon atoms. A transferring electron to nearby unfilled state in certain state carbon atom results in originating a new state behavior [39] .
However, the infinitesimal displacement of electrons while remaining clamped inside their dedicated energy knots may embark the pronounced effects when investigating the different materials of nanoscale, where their atoms contain many electrons.
Obviously, localized dynamics of the atoms under set conditions of the process remain decisive in originating such transitional behaviors of the atoms, and hence, in developing their tiny-sized particles also.
In the formation of tiny particles of different size and shape, both filled and unfilled states of gold atoms remained the same. Atoms are under the different bearings of their electronic structures. The same is the case with each dedicated phase transition (original, recover, neutral, re-crystallization and liquid states) of gold atoms. A tiny particle might develop in gold atoms having their different phase transitions. For atoms of different phase transitions, they contain different potential energy of their electrons along with different bearings of energy knots forming the filled and unfilled states (lattice). But atom of each transition phase forming a tiny particle owns nearly an established energy and orientation (position in clamped energy knots) of its electrons along with the same level of bearing of its lattice. So, an atom being the part of a certain tiny particle has not only the different electron structure, but a different phase transition also. They are being influenced largely by the process of synergy. A process of synergy is mainly raised by the different sorts of encountering medium interactions and matter to matter interactions. They are also influenced by the interactions of travelling photons having different forcing energies.
Photons of different features influence atoms of a tiny particle in different manners.
Then, localized dynamics of the process has the influence at different level for atoms forming a tiny particle in different region of the solution. Their local control and uniformity of associated parameters in operation will lead to minimize different leveled influence for the atoms forming a tiny particle in a suitable region of solution.
Here, a 'monolayer' is referred to as ordering of atoms on solution surface to form the compact assembly, whereas a 'mono layer' is referred to as ordering of atoms on solution surface for a tiny particle, nanoparticle or particle.
Conclusion
Tiny particles of different shapes form or develop when their atoms amalgamate for differently attained dynamics. Generally, binding mechanism in atoms of such tinysized particles becomes different. At different conditions of processing solution, a developing tiny-sized particle alters the features depending on electronic structure, phase transition and localized dynamics of atoms. In a tiny particle, gold atoms when amalgamate by differently attained dynamics, it develops with bound atoms having non-compact features. This is one factor, due to which tiny-sized particle does not show a specific geometry. Because of different transition states of gold atoms along with different force and energy, a tiny-sized particle can develop in its different electronic structure and phase transition of atoms or groups of atoms. Atoms of different phase transitions form a tiny particle having different electronic structure because of the process of synergy, impinging electron streams and interactions of different energy photons.
Mainly, a tiny-sized particle of irregular shape develops inside the solution, where mixed behavior of binding atoms contribute. So, few atoms of tiny particle can bind through the process of synergy, few atoms bind through the direct energy available in the solution and few atoms bind through inter-state dynamics of their electrons.
Due to insignificantly-attained dynamics of atoms at boundary of a tiny particle, they do not reveal compact configuration. Thus, atoms validate the role of dynamics to configure different sort of structure at different scale.
A tiny particle of mono layer in any shape can be formed from the compact monolayer assembly of transitional atoms at electronically-controlled flat solution surface if the supply of nano-energy in its shape is available. Atoms of arrays of such tiny-sized particle undertake uniform elongation, where exertion of force along the opposite poles of their electrons converts them into structures of smooth elements.
Tiny-sized particles developed in structures of smooth elements may deal with their further elongations on encountering the impinging electron streams at fixed angles.
Here, structures of smooth elements reduce their width by increasing the length, where distance of their inter-spacing remained the same as the width of a structure of smooth element.
In deformed atoms of tiny-sized particles, the stretching of energy knots clamped electrons remained non-orientational. Thus, they do not overlap to next (adjacent) atom dealing with a similar sort of behaviour. In case where atoms of tiny-sized particles elongate uniformly but deal with various interactions afterward, their structures of smooth elements deteriorate. In addition to impinging regular grid of electrons ejected on the splitting of inert gas atoms, atoms of tiny-sized particles undertake elongation and deformation behaviors under the process of synergy as well. A tiny particle of geometrical shape along with shaping arrays of atoms in perfect structures of smooth elements can only develop on the solution surface.
However, it may deal with distortion of features through miscellaneous interactions after the stage of development. The present study sets new trends in physics, materials science, nanoscience, colloidal science, physical chemistry and nanotechnology. For a phase transition of atoms configuring tiny-sized particles, their localized process conditions are considered the crucial ones. Atoms designing tiny-sized particles in different features possess different options of their binding. So, a study of tiny-sized particle opens many disciplines of physical and chemical sciences, and in life sciences also.
Experimental details
In this research, gold (III) chloride trihydrate was used as gold precursor and 100 ml solution was prepared by mixing it in DI water. Pulsed DC power controller 
